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Abstract

Rapid-acting insulins (RAIs) have been instrumental in the management of diabetes

because of their improved postprandial glucose (PPG) control compared with regular

human insulin. However, their absorption rate and time action following subcutaneous

administration still falls short of the normal physiological response to meal consumption,

increasing the risk of early postmeal hyperglycaemia and late postmeal hypoglycaemia.

Increased demand for faster acting insulins, which can quickly control PPG excursions

without increasing the risk of late hypoglycaemia, led to the development of ultra-rapid–

acting insulins, including ultra-rapid lispro (URLi). URLi is a novel formulation of insulin

lispro with accelerated absorption driven by two excipients: treprostinil, which increases

local vasodilation, and citrate, which increases local vascular permeability. Clinical phar-

macology studies consistently showed an earlier onset and shorter duration of action

with URLi compared with Lispro. In a head-to-head study with Faster aspart, Aspart and

Lispro, URLi was absorbed faster, provided earlier insulin action, and more closely mat-

ched physiological glucose response than the other insulins tested. URLi's unique phar-

macokinetic properties increase its potential for improved PPG control beyond that

achieved with RAIs. Indeed, in pivotal phase 3 trials, URLi was superior to Lispro for PPG

control both at 1 and 2 hours after ameal in type 1 and type 2 diabeteswithmultiple daily

injections, and in type 1 diabeteswith continuous subcutaneous insulin infusion. This was

achieved without increasing the risk of hypoglycaemia. In this review, we focus on the

clinical and pharmacological evidence for URLi in the treatment of diabetes and discuss

the potential benefits and considerationswith URLi comparedwith RAIs.
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1 | INTRODUCTION

Over the last century, insulin therapy has advanced from crude pan-

creatic extracts to recombinant DNA-based insulin analogues, which

more effectively mimic the basal insulin response between meals and

the rapid insulin response after meals in people without diabetes

(PwOD). Despite the availability of many basal and mealtime insulin

analogues, a significant number of people with diabetes (PwD) still fail
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to achieve glycaemic goals.1-3 The complexity of insulin regimens is

one reason for this. Regimens can include multiple injections per day,

more than one type of insulin, and specific recommendations for the

timing of prandial insulin administration to match the glucose content

from meals with insulin concentration in the blood. Appropriate and

recommended timing of insulin injection in relation to the meal can be

challenging. Because of a delayed insulin response relative to the

rapid absorption of glucose from meals, rapid-acting insulins (RAIs)

such as insulin lispro (Lispro; Humalog; Eli Lilly and Company) and

insulin aspart (Aspart; Novolog; Novo Nordisk) should optimally be

given within 15minutes prior to a meal, while regular insulin

(Humulin; Eli Lilly and Company), the first synthetic human insulin,

should be injected 30minutes prior to meal consumption. The need to

administer the insulin significantly in advance of a meal can be chal-

lenging for PwD.4,5 Taking these insulins too early before a meal can

lead to hypoglycaemia and defaulting to taking the insulin just before

or after a meal can lead to postmeal hyperglycaemia. Faster acting

insulins that can decrease the time between insulin administration and

action could allow the insulin to be administered closer to the meal-

time and hence reduce the risk associated with inadvertent untimely

dosing.

One of the primary limiting factors for exogenous insulin

response is the rate of absorption into the capillaries from the subcu-

taneous space. For this reason, recent RAI analogue development has

involved finding approaches to speed up insulin absorption.

2 | EVOLUTION FROM RAI ANALOGUES
TO ULTRA-RAPID–ACTING INSULINS

Over the years, increased demand from healthcare providers and

PwD for faster acting insulins that improve glycaemic control has

spurred on the development of faster acting RAI analogues.6 RAIs are

recombinant therapeutic agents with modifications to the amino acid

chain versus endogenous human insulin. The first RAI, Lispro, was first

approved in 1996. In Lispro, the placement of the amino acids lysine

and proline was switched, allowing the insulin to rapidly dissociate

from its hexameric structure into monomers following subcutaneous

injection.7 This shortened the onset of action after subcutaneous

injection and allowed PwD to inject their insulin 15-20minutes before

a meal with Lispro compared with 30-40minutes premeal with regular

human insulin. Two other analogue mealtime insulins, Aspart and insu-

lin glulisine (Glulisine; Apidra; Sanofi), were subsequently introduced.

Currently, the quality of glycaemic control is not only indicated by

HbA1c, but also by continuous glucose monitoring (CGM) metrics

such as time in range (TIR), time below range (TBR) and time above

range (TAR), which help to elucidate potential areas for glycaemic

improvement.8-10 Postprandial glucose (PPG) is known to have a sig-

nificant impact on both HbA1c and TIR in people with type 1 or type

2 diabetes.11-14 Inadequately controlled PPG, such as early postpran-

dial hyperglycaemia and late postprandial hypoglycaemia, is associated

with unfavourable clinical outcomes for PwD.15-17 While a direct

causal relationship between improvement in PPG control and clinical

outcomes has not been established in clinical trials, consistently high

PPG has been associated with microvascular and macrovascular dis-

ease, retinopathy and, in older people with type 2 diabetes, impaired

cognitive function.18-23 In recognition of these possible outcomes,

guidelines recommend more TIR and less TBR and TAR, which can be

achieved with medications that enable better PPG control.18,24-26

One approach to address PPG control is to speed up the phar-

macokinetics (PK) of the mealtime insulin to facilitate a more rapid

onset and shorter duration of action. To that end, several efforts

have been made towards developing such insulins, including faster

acting insulin aspart (Faster aspart; Fiasp; Novo Nordisk), which was

approved by the U.S. Food and Drug Administration in 2017, and

ultra-rapid lispro (URLi; Lyumjev; Eli Lilly and Company), which was

approved in 2020.

URLi is a novel formulation of insulin lispro, developed to more

closely match the body's physiological insulin response to a meal,

thereby improving PPG control. It contains two enabling excipients, cit-

rate and treprostinil, which accelerate insulin absorption beyond that

achieved by Lispro. In preclinical and phase 1 studies, injection of citrate

into subcutaneous tissue resulted in a localized increase in vascular per-

meability, while micro doses of treprostinil caused localized vasodilation

without exhibiting systemic effects or being detected in plasma.27-29

3 | PHARMACOKINETIC AND
PHARMACODYNAMIC PROFILE OF URLI

The pharmacokinetic (PK) and pharmacodynamic (PD) properties of

URLi have been characterized in a number of phase 1 trials. Most of

these were single-dose, randomized, double-blind, crossover studies

comparing the PK/PD of URLi with Lispro following single-dose subcu-

taneous injection in PwoD, people with type 1 diabetes or people with

type 2 diabetes. PK/PD were also assessed following continuous subcu-

taneous insulin infusion (CSII) in people with type 1 diabetes. Key find-

ings from the completed trials are summarized in the following sections.

3.1 | PK/PD of URLi compared with Lispro

3.1.1 | Subcutaneous injection

A pooled analysis of the PK and PD of URLi across different popula-

tion groups has been published.30 The analysis included four random-

ized, double-blind, crossover, single-dose studies (PwoD [n = 74],

people with type 1 diabetes [n = 78] and type 2 diabetes [n = 38])

evaluating subcutaneous doses of URLi and Lispro during an 8- to

10-hour euglycaemic clamp procedure.

Following subcutaneous injection, URLi was absorbed more rap-

idly, showing reduced late exposure and a shorter duration of action

compared with Lispro (Table 1). URLi showed 5-minute faster onset

of appearance in serum, an �8-fold greater exposure in the first 15

minutes, and a 43% reduction in exposure beyond 3 hours compared

with Lispro across all study populations and dose ranges (Table 1).
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In line with URLi's accelerated PK, an earlier glucose-lowering

effect and reduced late glucose-lowering was shown. Compared with

Lispro, URLi had a 10-minute faster onset of action, 3-fold greater insu-

lin action in the first 30minutes, and a 35% reduction in insulin action

beyond 4 hours across all populations and dose ranges (Table 1).

Further studies were conducted to determine the PK/PD of URLi

and Lispro following multiple daily injections (MDI) in type 1 and type

2 diabetes.31,32 Differences in PK and glucose response between URLi

and Lispro were sustained after multiple daily subcutaneous dosing in

both type 1 and type 2 diabetes.

3.1.2 | Glucodynamics at different meal-to-dose
timing

A six-period crossover design was used to compare the PPG response

to a solid meal test with URLi or Lispro dosed at �15, 0 and +15

minutes relative to the start of the meal among people with type

1 and type 2 diabetes.31,32 The meal was provided as a typical conti-

nental breakfast and individualized for each participant. It contained

30% of the calories needed per day for weight maintenance, with

macronutrients targeted to provide 50% of the calories from carbohy-

drate, 30% from fat and 20% from protein.

Overall, URLi resulted in lower PPG excursions compared with

Lispro when dosed before, at, or after the meal test in both type 1 and

type 2 diabetes31,32 (Table 2). Importantly, there was no significant dif-

ference between treatments when URLi was administered at mealtime

(time 0) compared with Lispro before meals (time �15minutes).

3.1.3 | Continuous subcutaneous insulin infusion

The PK/PD profiles of URLi and Lispro following CSII were evaluated

in adults with type 1 diabetes.33 URLi had similar overall exposure but

TABLE 1 Treatment difference and ratio of geometric least squares means between URLi and Lispro for pharmacokinetic variables and insulin
action following subcutaneous injection in people with diabetes in the pooled analysis set

Treatment difference

(95% confidence interval)

Treatment ratio

(95% confidence interval)

Pharmacokinetics

Onset of appearance (min) �4.75 (�5.38, �4.12) —

Early 50% tmax (min) �13.98 (�15.22, �12.73) —

Late 50% tmax (min) �17.58 (�23.31, �11.86) —

Duration of exposure (min) �68.19 (�76.96, �59.53) —

Tmax (min) 0.01 (�0.07, 0.09) —

Cmax — 1.14 (1.11, 1.18)

AUC0-15min — 7.51 (6.63, 8.51)

AUC0-1h — 1.52 (1.45, 1.59)

AUC3h-Xh — 0.57 (0.53, 0.60)

AUC0-∞ — 1.03 (1.01, 1.05)

Insulin action

T Onset (min) �10.33 (�12.01, �8.64) —

Early 50% tRmax (min) �12.31 (�14.84, �9.78) —

Late 50% tRmax (min) �37.94 (�45.40, �30.47) —

Duration of action (min) �43.81 (�58.60, �29.02) —

Gtot0-30min — 3.07 (2.72, 3.50)

Gtot0-1h — 1.73 (1.64, 1.84)

Gtot4h-end — 0.65 (0.61, 0.70)

Gtot — 0.99 (0.95, 1.02)

Rmax — 1.12 (1.08, 1.16)

Note. For variables with at least one participant with a value of 0, treatment ratios of least-squares means and their 95% CIs were estimated using Fieller's

method.

Abbreviations: AUC, area under the concentration–time curve; AUC0-15min, AUC from 0 to 15minutes; AUC0-1 h, AUC from 0 to 1 hours; AUC3h–Xh, AUC

from 3 to X hours; AUC0–∞, AUC from time 0 to infinity; Cmax, maximum observed drug concentration; early 50% tmax, time to early half-maximal drug

concentration; early 50% tRmax, time to half-maximal glucose infusion rate before maximum glucose infusion rate; Gtot, total amount of glucose infused

over the duration of the clamp procedure; Gtot0-30min, total amount of glucose infused over 30minutes; Gtot0-1h, total amount of glucose infused over

1 hour; Gtot4h-end, total amount of glucose infused from 4 hours postdose until the end of the clamp; late 50% tRmax, time to half-maximal glucose infusion

rate after maximum glucose infusion rate; late 50% tmax, time to late half maximal drug concentration; Rmax, maximum glucose infusion rate; Tmax, time to

maximum observed drug concentration; T Onset, time to onset of insulin action; URLi, ultra-rapid lispro.
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accelerated serum insulin lispro absorption compared with Lispro

using either a standard single-wave (SS) or standard dual-wave

(SD) bolus on both days 1 and 3.33 URLi showed a significantly earlier

glucose-lowering effect and a trend towards lower PPG excursions

over the complete 5-hour meal test compared with Lispro using either

SS or SD bolus.

3.2 | PK/PD of URLi compared with other RAIs

The pharmacological properties following a single subcutaneous injec-

tion of URLi, Lispro, Aspart and Faster aspart were characterized in

people with type 1 diabetes in a phase 1, randomized, double-blind,

four-period crossover study.34 Participants received the same individ-

ualized subcutaneous dose of each study drug immediately prior to a

liquid meal test, which consisted of 100 g of carbohydrates, 26 g of

protein and 22 g of fat (16 fl/oz liquid Ensure Plus; Abbott Laborato-

ries, Abbott Park, IL). For comparison, 12 PwOD received the same

test meal.

3.2.1 | Pharmacokinetics

Upon comparing the insulin concentration–time profiles, URLi and

Faster aspart showed earlier onset of appearance in serum and

reduced late exposure compared with Lispro and Aspart, respectively,

indicating comparatively faster absorption and shorter duration of

action of the faster acting insulins (Figure 1A,B).

Further to this, URLi showed significantly faster insulin absorption

than all the other insulins tested (Figure 1A). Early 50% tmax was

reached 12.8 minutes after URLi administration, which was 5.9 minutes

faster than Faster aspart, 12.5 minutes faster than Lispro and

13.9 minutes faster than Aspart (all P < .0001; Table 3). This accelerated

insulin absorption with URLi resulted in significantly greater early insulin

exposure: insulin exposure during the first 15minutes (AUC0-15min)

increased with URLi by 1.5-fold versus Faster aspart, 5-fold versus

Lispro and 5-fold versus Aspart (Table 3). In line with the leftward shift

of the concentration–time curve, late insulin exposure after URLi

administration was significantly reduced compared with all the insulins

tested (Figure 1B). Insulin exposure beyond 3 hours (AUC3-7h) after

URLi administration was reduced by 54% compared with Faster aspart,

49% compared with Lispro and 61% compared with Aspart (all P

< .0001; Table 3). Late 50% tmax occurred 9.5 minutes later with Faster

aspart, 13.8 minutes later with Lispro and 21.1 minutes later with

Aspart compared with URLi (all P < .05).

3.2.2 | Pharmacodynamics

URLi and Faster aspart resulted in lower glucose excursions in the first

4 hours after the meal test compared with Lispro and Aspart, respec-

tively, indicating improved PPG control with the faster acting insulins

(Figure 1C). Overall, URLi showed the lowest mean glucose excursion

during the test meal compared with Faster aspart, Lispro and Aspart

(Figure 1C).

URLi had a numerically greater glucose-lowering effect compared

with all the insulins tested, with a statistically significant improvement

in PPG excursions over the first 5 hours compared with Lispro and

Aspart (Table 4). The maximum PPG excursion (ΔBGmax) and excur-

sions at 1 (ΔBG1h) and 2 hours (ΔBG2h) postmeal were also signifi-

cantly reduced with URLi compared with Lispro and Aspart (all P < .05,

Table 4) and were numerically reduced compared with Faster aspart.

At 2 hours postmeal, URLi achieved the greatest numerical reduction

in PPG values compared with Faster aspart, Lispro and Aspart, with

TABLE 2 Pharmacodynamic variables following administration of URLi compared with Lispro at different meal-to-dose timing in people with
type 1 or type 2 diabetes

Variable
Time comparisona

URLi vs. Lispro
URLi LSM (N) Lispro LSM (N)

Ratiob of LSM URLi: Lispro

(90% confidence interval)

Type 1 diabetes

ΔAUC0-5h (mg h/dl) (�15min) vs. (�15min) 55.77 (27) 92.27 (28) 0.60 (0.03, 1.15)

(0 min) vs. (0 min) 76.37 (27) 135.54 (29) 0.56 (0.21, 1.04)*

(+15min) vs. (+15min) 106.38 (29) 184.37 (29) 0.58 (0.38, 0.87)*

(0 min) vs. (�15min) 76.37 (27) 92.27 (28) 0.83 (0.39, 1.36)

Type 2 diabetes

ΔAUC0-5h (mg h/dl) (�15min) vs. (�15min) 46.96 (26) 91.85 (29) 0.51 (0.14, 0.85)*

(0 min) vs. (0 min) �5.51 (28) 120.21 (30) �0.05 (�0.40, 0.18)***

(+15min) vs. (+15min) 98.72 (29) 138.15 (28) 0.71 (0.52, 0.92)*

(0 min) vs. (�15min) �5.51 (28) 91.85 (29) �0.06 (�0.60, 0.22)***

Abbreviations: AUC, area under the concentration versus time curve; ΔAUC(0-5h), change from baseline in AUC from time 0 to 5 hours; LSM, least squares

mean; N, number of participants; URLi, ultra-rapid lispro.

*P < .1 (prespecified significance level). ***P < .0001. aTime comparison refers to time of administration of insulin relative to the mealtime: 15 minutes

before (�15min), at the time of the meal (0 min) and 15minutes after the start of the meal (+15min).
bConfidence intervals (CIs) were calculated using Fieller's Theorem.
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differences reaching statistical significance when compared with

Lispro and Aspart (Table 4). In addition, the 2-hour PPG value with

URLi was closest to that in PwoD compared with other insulins tested

(Figure 1C). In fact, glucose excursions over the first 3 hours postmeal

with URLi were more comparable with those in PwoD than the other

insulins tested (Figure 1C).

3.3 | PK/PD summary

• URLi showed an accelerated PK/PD profile compared with Lispro

across all studies, showing faster absorption, increased early insulin

lispro exposure and reduced late insulin exposure with both subcu-

taneous injection and CSII administration.

• Compared with Faster aspart, Lispro and Aspart

� URLi showed the fastest insulin absorption, greatest early insu-

lin exposure and lowest late insulin exposure.

� URLi achieved the greatest numerical reduction in PPG at

2 hours postmeal.

� Glucose excursions over the first 3 hours postmeal with URLi

were more comparable with those in healthy subjects.

• URLi improved PPG control compared with other RAIs.

• URLi's PK/PD profile provides an opportunity for administration at

the start of the meal with greater subsequent glycaemic control

and reduced risk of late postmeal hypoglycaemia.

4 | EFFICACY OVERVIEW

The efficacy and safety of URLi were evaluated in three pivotal phase

3 trials encompassing 2327 participants. The findings from these trials

are discussed in the following sections.

4.1 | MDI in type 1 diabetes

PRONTO-T1D was a phase 3, randomized, treat-to-target, multina-

tional study evaluating the efficacy and safety of URLi versus Lispro

among 1222 adults with type 1 diabetes.35 Participants were random-

ized to 26weeks of double-blind URLi or Lispro, administered

0-2 minutes prior to meals (mealtime) as part of a basal-bolus regimen

with insulin glargine or degludec. A third, open-label arm was included

F IGURE 1 Pharmacokinetic and pharmacodynamic profiles of faster aspart, Aspart, Lispro and URLi following a meal test in adults with type
1 diabetes. A, Mean insulin concentration (± standard error [SE]) versus time in the first hour postinjection, B, Mean normalized exposure
remaining (±SE) versus time from 0 to 7 hours postinjection, and C, Mean (±SE) change from baseline glucose concentration versus time postmeal.
Mean data are shown as a solid black line and SE as a shaded area for the named insulin; other insulins are shown in the background for
comparison. URLi, ultra-rapid lispro
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to assess efficacy with postmeal administration of URLi given 20

minutes after the start of the meal. The primary endpoint was non-

inferiority of URLi to Lispro in change from baseline HbA1c. A 4-hour

liquid meal test (Ensure Plus or similar country option with a nutrient

composition of �700 calories and 100 g of carbohydrate) was per-

formed at baseline and week 26. An additional 26-week treatment

phase evaluating long-term efficacy and safety was also conducted.36

Mealtime URLi showed non-inferiority to Lispro for change in

HbA1c from baseline to week 26 (Table 5). Postmeal administration of

URLi was also non-inferior to Lispro but resulted in a significantly

higher endpoint HbA1c (P < .05).

Mealtime URLi showed superiority to Lispro in controlling both 1-

and 2-hour PPG excursions (Table 5) and resulted in significantly

lower PPG excursions from 15minutes to 4 hours after starting the

meal test (Figure 2). Postmeal URLi resulted in significantly higher

excursions compared with Lispro in the first hour after the start of the

meal, but excursions were numerically lower than Lispro from 2 hours

postmeal and beyond. The incremental area under the serum glucose

concentration–time curve from 0 to 4 hours (iAUC0-4 h) was signifi-

cantly lower in the mealtime URLi versus the Lispro group (estimated

treatment difference [ETD] �5827.6mgmin/dl [95% CI �7701.0,

�3954.1]; P < .001).

Significantly lower self-monitored blood glucose (SMBG) values

were observed with mealtime URLi compared with Lispro at the

morning 1-hour postmeal (166.9 vs. 180.6 mg/dl) and 2-hour post-

meal time points (152.9 vs. 164.5 mg/dl), showing continued improve-

ment in PPG control with URLi in the ambulatory setting. Overall

glycaemic control and improved PPG via SMBG were maintained after

52weeks with mealtime URLi, showing that the efficacy of URLi was

preserved during long-term treatment in people with type

1 diabetes.36

Blinded CGM was used by a subset of participants enrolled in

PRONTO-T1D for up to 14 days before baseline and the 26-week pri-

mary endpoint.37 Mealtime URLi was superior to Lispro in reducing

TABLE 3 Pharmacokinetic variables following administration of ultra-rapid lispro (URLi), Lispro, faster aspart and Aspart in people with type 1
diabetes

Variable Comparison LSM difference (95% CI) Ratio of geometric LSM (95% CI)

Early 50% tmax (min) URLi � Lispro �12.5 (�14.3, �10.8)*** —

URLi � faster aspart �5.86 (�7.65, �4.06)*** —

URLi � Aspart �13.9 (�15.7,�12.1)*** —

AUC 0-15min URLi � Lispro — 5.11 (3.96, 6.58)***

URLi � faster aspart — 1.48 (1.16, 1.90)**

URLi � Aspart — 5.25 (4.11, 6.71)***

AUC 0-30min URLi � Lispro — 2.85 (2.37, 3.43)***

URLi � faster aspart — 1.23 (1.02, 1.48)*

URLi � Aspart — 2.38 (1.98, 2.87)***

Late 50% tmax (min) URLi � Lispro �13.8 (�23.0, �4.57)** —

URLi � faster aspart �9.54 (�18.8, �0.329)* —

URLi � Aspart �21.1 (�30.3, �11.9)*** —

Duration (min) URLi � Lispro �46.7 (�62.3, �31.1)*** —

URLi � faster aspart �45.2 (�61.4, �28.9)*** —

URLi � Aspart �50.1 (�67.7, �32.5)*** —

Tmax (min) URLi � Lispro �0.146 (�0.242, �0.050)** —

URLi � faster aspart 0.0135 (�0.082, 0.110) —

URLi � Aspart �0.122 (�0.219, �0.026)* —

AUC3-7h URLi � Lispro — 0.507 (0.439, 0.586)***

URLi � faster aspart — 0.460 (0.398, 0.532)***

URLi � Aspart — 0.390 (0.337, 0.450)***

Cmax URLi � Lispro — 1.13 (1.05, 1.22)**

URLi � faster aspart — 0.926 (0.861, 0.996)*

URLi � Aspart — 0.943 (0.877, 1.01)

AUC0-∞ URLi � Lispro — 1.03 (0.972, 1.09)

URLi � faster aspart — 0.835 (0.789, 0.883)***

URLi � Aspart — 0.821 (0.776, 0.868)***

Abbreviations: AUC, area under the concentration-time curve; AUC0-15min, AUC from o to 15 min; AUC0-30min, AUC from 0 to 30 min; AUC3-7h, AUC

from 3 h to 7 hours; AUC0-, AUC from 0 to infinity; C max, maximum observed drug concentration; early 50% tmax, time to early half-maximal drug

concentration; late 50% tmax, time to late half-maximal drug concentration; LSM, least squares mean; tmax, time to maximum observed drug concentration.

*P < .05. **P < .01. ***P < .0001.
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breakfast iAUC0-2h (ETD �28.1 mg h/L, P = .048) and iAUC0-2h for all

meals combined. Incremental AUC0-3h and iAUC0-4h were also signifi-

cantly reduced with mealtime URLi for all meals combined. Postmeal

URLi resulted in similar PPG control to mealtime Lispro, but less opti-

mal PPG control compared with mealtime URLi. Mealtime URLi

increased daytime TIR 71-180mg/dl by 43.6 minutes (P = .020;

44.0 minutes when TIR was 70-180mg/dl [P = .020]) and decreased

night-time time in hypoglycaemia of 70mg/dl or less by 11.5 minutes

(P = .009) compared with mealtime Lispro. Mean glucose profiles over

the 24-hour period showed lower blood glucose levels with mealtime

URLi compared with Lispro during the daytime, but increasing levels

from evening to early morning.37

Findings in PRONTO-T1D showed that URLi provided good

glycaemic control, with non-inferiority to lispro confirmed for both

mealtime and postmeal URLi, while superior PPG control was shown

with mealtime dosing of URLi. These results were supported by the

PRONTO-T1D CGM substudy, which showed that mealtime URLi

resulted in improved daytime time in the target range.

4.2 | MDI in type 2 diabetes

The efficacy and safety of URLi compared with Lispro was evaluated

among 673 adults with type 2 diabetes in the phase 3, randomized,

double-blind, treat-to-target, multicentre PRONTO-T2D study.38 Par-

ticipants were randomized to 26weeks of double-blind URLi or

Lispro, administered 0-2 minutes prior to meals as part of a basal-

bolus regimen with insulin glargine or degludec. Continuing metformin

and/or a sodium-glucose co-transporter-2 inhibitor was permitted

during the study. As with PRONTO-T1D, a liquid meal test was per-

formed at baseline and week 26 to assess PPG control.

HbA1c improved in both treatment groups, and non-inferiority of

URLi to Lispro was confirmed for change from baseline to week

26 (Table 5). At week 26, 58% of participants on URLi and 53% on

Lispro treatment reached a target HbA1c of less than 7.0%, while

38% and 35%, respectively, achieved an HbA1c of 6.5% or less.

Similar to PRONTO-T1D, URLi was superior to Lispro in controlling

1- and 2-hour PPG excursions during the meal test (Table 5 and

Figure 2). Significantly lower PPG excursions were evident from 30

minutes to 4 hours postmeal with URLi treatment.38 Incremental AUC

during the meal test was significantly lower in the URLi group at all time

intervals during the 4-hour test at week 26. In addition, 10-point SMBG

profile testing showed similar fasting glucose between URLi and Lispro,

but lower morning 1-hour postmeal (168.4 vs. 180.4mg/dl, respec-

tively; P < .001) and 2-hour postmeal (153.8 vs. 169.3mg/dl, respec-

tively; P < .001) blood glucose values with URLi compared with Lispro.

4.3 | CSII in type 1 diabetes

Following demonstration of the compatibility and safety of URLi with

CSII in the PRONTO-Pump study39 (section 5.3), its efficacy with CSII

administration was evaluated in the PRONTO-Pump-2 study.40 Both

studies used the Medtronic MiniMed insulin pump.

TABLE 4 Pharmacodynamic variables following administration of URLi, Lispro, faster aspart and Aspart in people with type 1 diabetes

Variable Treatment LSM Comparison LSM differencea (95% CI)

Glucose ΔAUC(0-5 h) (mg h/dl) URLi 109.72 — —

Lispro 181.57 URLi � Lispro �71.85 (�131.54, �12.15)*

Faster aspart 127.50 URLi � faster aspart �17.78 (�76.67, 41.12)

Aspart 200.60 URLi � Aspart �90.87 (�150.25, �31.49)**

ΔBGmax (mg/dl) URLi 64.78 — —

Lispro 77.89 URLi � Lispro �13.12 (�26.18, �0.05)*

Faster aspart 70.39 URLi � faster aspart �5.61 (�18.68, 7.45)

Aspart 86.55 URLi � Aspart �21.77 (�34.83, �8.70)**

ΔBG1h (mg/dl) URLi 25.17 — —

Lispro 48.19 URLi � Lispro �23.01 (�34.12, �11.91)***

Faster aspart 33.91 URLi � faster aspart �8.74 (�19.84, 2.37)

Aspart 53.66 URLi � Aspart �28.48 (�39.64, �17.33)***

ΔBG2h (mg/dl) URLi 10.64 — —

Lispro 31.67 URLi � Lispro �21.03 (�35.90, �6.15)**

Faster aspart 17.73 URLi � faster aspart �7.08 (�21.96, 7.80)

Aspart 39.57 URLi � Aspart �28.93 (�43.87, �13.98)**

Abbreviations: ΔBG1h, change from baseline glucose at 1 hour; ΔBG2h, change from baseline glucose at 2 hours; ΔBGmax, maximum change from baseline

glucose value; CI, confidence interval; glucose ΔAUC(0-5 h), change from baseline glucose area under the concentration versus time curve from time 0 to

5 hours postmeal; LSM, least squares mean; URLi, ultra-rapid lispro.

Model: glucodynamics = period+ treatment+ sequence+ participant (sequence)+ random error, where participant (sequence) is fitted as a random effect.

*P < .05. **P < .01. ***P < .0001. aP value is for the test of the mean difference.
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PRONTO-Pump-2 was a phase 3, randomized, double-blind, multi-

centre study, conducted in 432 adults with type 1 diabetes who were

using CSII prior to the study. Participants were randomized to 16weeks

of treatment with URLi or Lispro delivered by CSII as both basal and

bolus insulin, with bolus doses administered 0-2 minutes before meals.

Non-inferiority of URLi to Lispro was confirmed for change in

HbA1c at week 16. URLi showed superiority to Lispro in controlling

1- and 2-hour PPG levels, with an ETD of �24.1 mg/dl (95% CI

�36.0, �12.2) at 1 hour and �27.8 mg/dl (95% CI �42.6, �13.0) at

2 hours (both P < .001). Significantly lower PPG excursions were also

shown (Table 5; Figure 2). Consistent with the meal test findings,

postmeal iAUC0-1h and iAUC0-2h from CGM were significantly lower

with URLi treatment for breakfast, lunch and dinner. Overall,

URLi resulted in a significant reduction in postmeal iAUC0-1h and

iAUC0-2h of 45% and 37%, respectively, compared with Lispro. TIR

(70-180mg/dl) and time in hyperglycaemia were similar between

groups, but URLi resulted in significantly less time in hypoglycaemia

(<54mg/dl) over the daytime, night-time and 24-hour period (ETD

�0.41%, �0.97% and �0.52%, respectively, all P < .05). Similar to

results in the PRONTO-T1D CGM substudy, ambulatory glucose pro-

files showed a trend towards increasing blood glucose levels between

evening and morning hours with URLi treatment.

4.3.1 | Closed loop systems

With the evolving insulin delivery landscape, it is probable that more

PwD will move towards hybrid or fully automated closed loop

TABLE 5 Summary of key efficacy results from phase 3 clinical trials with URLi and Lispro in people with type 1 or type 2 diabetes

Trial
Treatment
duration

Participant

demographics at
baseline

Intervention
Endpoint
HbA1c, %

Primary HbA1c outcome
(ETD URLi�Lispro [95% CI])

PPG outcome versus Lisproa,

mg/dl (ETD URLi�Lispro
[95% CI])

PRONTO-

T1D

26wk 1222 adults

Type 1 diabetes

Mean age = 44.4 y

Mean

HbA1c = 7.34%

Mealtime

URLi

7.21 �0.08% (�0.16, 0.00)non-

inferiority confirmed

1-h postmeal: �27.9 mg/dl

(�35.3, �20.6)** [�1.55

mmol/L (�1.96, �1.14)]

Superiority confirmed

2-h postmeal: �31.2 mg/dl

(�41.1, �21.2)**

[�1.73 mmol/L (�2.28, �1.18)]

superiority confirmed

Mealtime

Lispro

7.29 — —

Postmeal

URLi

7.42 +0.13% (0.04, 0.22)non-

inferiority confirmed

1-h postmeal: 13.2 mg/dl (5.0,

21.4)* [0.73 mmol/L (0.28,

1.19)]

2-h postmeal: �6.7 mg/dl (�17.6,

4.3) [�0.37 mmol/L (�0.98,

0.24)]

PRONTO-

T2D

26wk 673 adults

Type 2 diabetes

Mean age = 60.6 y

Mean

HbA1c = 7.29%

Mealtime

URLi

6.92 +0.06% (�0.05; 0.16)non-

inferiority confirmed

1-h postmeal: �11.8 mg/dL

(�18.1, �5.5)** [�0.66 mmol/L

(�1.01, �0.30)]superiority

confirmed

2-h postmeal: �17.4 mg/dL

(�25.3, �9.5)** [�0.96 mmol/L

(�1.41, �0.52)]superiority

confirmed

Mealtime

Lispro

6.86 — —

PRONTO-

Pump-2

16 wk 432 adults

Type 1 diabetes

Mean age = 46.4 y

Mean

HbA1c = 7.55%

Mealtime

URLi

7.48 +0.02% (�0.06, 0.11)non-

inferiority confirmed

1-h postmeal: �24.1 mg/dl

(�36.0, �12.2)**

[�1.34mmol/L (�2.00, �0.68)]

superiority confirmed

2-h postmeal: �27.8 mg/dl

(�42.6, �13.0)**

[�1.54 mmol/L (�2.37, �0.72)]

superiority confirmed

Mealtime

Lispro

7.46 — —

Abbreviations: CI, confidence interval; ETD, estimated treatment difference; PPG, postprandial glucose; URLi, ultra-rapid lispro.

*P < .05. **P < .001. aMain PPG outcome was PPG excursions at 1 and 2 hours after the meal test at week 26 for PRONTO-T1D and PRONTO-T2D, and

PPG values at 1 and 2 hours after the meal test at week 16 for PRONTO-Pump-2.

1696 HEISE ET AL.



systems. There is potential for improved glycaemic control with ultra-

rapid insulins in these systems given their more effective PPG control.

However, currently there is not enough evidence to support this.41-44 It is

probable that algorithms in these automated systems, which were devel-

oped for RAIs, will need to be optimized for the faster PK/PD properties

of URLi.

4.4 | Efficacy summary

• Across studies, URLi showed non-inferiority to Lispro on reduction

of HbA1c from baseline to endpoint.

• Mealtime URLi consistently showed superior PPG control in type

1 and type 2 diabetes with either MDI or CSII therapy.

• CGM analysis also showed significant improvements in postpran-

dial and daytime glucose control with URLi treatment compared

with Lispro.

5 | SAFETY AND TOLERABILITY

5.1 | Hypoglycaemia

The incidence and rate of severe hypoglycaemia with URLi treatment

remained low and similar to Lispro across all studies (Table 6). Overall,

rates of documented, nocturnal and non-nocturnal hypoglycaemia

were lower with URLi treatment in type 1 diabetes, and marginally

higher compared with Lispro in type 2 diabetes.

In the postprandial period, the rate of hypoglycaemia was consis-

tently lower with URLi compared with Lispro during CSII, with differ-

ences reaching statistical significance in the timeframes of 2-4 hours

and up to 4 hours after the start of the meal. With MDI, the rate of

postmeal hypoglycaemia with URLi was consistent with its insulin

time action, with a numerically higher rate of hypoglycaemia com-

pared with Lispro in the early postprandial period and a lower rate in

the late postprandial period, corresponding to URLi's earlier onset and

shorter duration of action. In PRONTO-T1D, a significantly lower rate

of postmeal hypoglycaemia was observed with URLi beyond 4 hours

after meals,35 probably indicative of URLi's shorter duration of action.

On the other hand, in PRONTO-T2D, a significantly higher rate of

postmeal hypoglycaemia was seen with URLi treatment within the

first 4 hours after meals,38 in line with a quicker onset of action. This

was similar to trends observed with Faster aspart.45,46

5.2 | Adverse events

The incidence of serious adverse events was similar between URLi

and Lispro across trials, with similar numbers of participants reporting

hypoglycaemia between groups (Table 7).

A higher incidence of treatment-emergent injection or infusion

site reactions was observed with URLi compared with Lispro (Table 7).

With MDI therapy, most events were reported as injection site reac-

tion or injection site pain (Table 7). Events were mostly mild or moder-

ate in severity and resolved during the study, but one participant

(0.3%) in the PRONTO-T2D study discontinued URLi treatment

because of injection site reactions.

Infusion site reactions were numerically higher with both treat-

ments during CSII therapy compared with MDI therapy (Table 7). Simi-

lar to MDI, the most frequently reported were infusion site reaction or

infusion site pain. While the majority of events were reported as mild

(�76%), seven participants (3.3%) discontinued URLi treatment because

of infusion site reactions compared with none on Lispro treatment.

The cause of the higher incidence of injection or infusion site

reactions with URLi is not entirely clear, although the increased local-

ized vasodilation caused by treprostinil, or a local effect of citrate,

F IGURE 2 Mean postprandial glucose excursions following a meal test at study endpoint in PRONTO-T1D, PRONTO-T2D and PRONTO-
Pump-2. PPG, postprandial glucose; URLi, ultra-rapid lispro. *P < .05, **P < .001. Mean data are shown as a solid black line and standard error as a
shaded area
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may be contributing factors. In CSII, cannula length may also play a

role.40 Further studies seeking to better understand causes for the

increased injection and infusion site reactions with URLi are ongoing

(NCT05067270).

5.3 | Pump compatibility

URLi's use in CSII was evaluated in two trials using the Medtronic

MiniMed 530G, 630G, 640G, Paradigm Revel and Paradigm Veo.39,40

In both trials, the mean time interval to infusion set changes, and the

rate of planned/routine infusion set changes, were similar between

URLi and Lispro groups. The overall rate of unplanned/premature

infusion set changes was higher with URLi compared with Lispro. This

was primarily driven by a higher rate of infusion set changes because

of infusion site reactions.39,40 This difference was small in both trials,

averaging one additional infusion set change every 4 months based

on routine changes every 3 days. The rates of premature infusion set

changes as a result of an infusion set problem, occlusions or

unexplained hyperglycaemia were similar between groups.

5.4 | Safety summary

• The incidence and rate of severe hypoglycaemia were similar

between URLi and Lispro across trials.

• Postmeal hypoglycaemia occurred at a lower rate with URLi com-

pared with Lispro beyond 4 hours postmeal, in line with its shorter

duration of action, and at a higher rate within the first 4 hours

postmeal, commensurate with its earlier onset of action.

• Treatment-emergent injection/infusion site reactions were more

frequent with URLi, but were mostly mild or moderate in severity.

• The overall rate of premature infusion set changes was higher with

URLi treatment, driven by a higher rate of infusion set changes

because of infusion site reactions; rates of premature infusion set

changes because of unexplained hyperglycaemia and occlusions

were similar.

6 | PRACTICAL CONSIDERATIONS

URLi has a quick onset of action and a shorter duration of action than

conventional insulin lispro, exhibiting a left-shift in its concentration–

time and glucose-lowering profiles, with subsequent improvement in

glycaemic control after meals. Individuals using CGM, who can view

real-time glycaemic changes and predicted glycaemic data, can take

further advantage of this technology to fine-tune their dosing and

administer correction boluses when needed. In the PRONTO-T1D

CGM substudy, CGM revealed that overnight glycaemic control was

not optimal, with increasing blood glucose levels seen from evening to

early morning. This could be improved with correction dosing. Correc-

tion dosing, while common, must be carried out safely, to avoid insulin

stacking and an increased risk of hypoglycaemia. The advantage thatT
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URLi has over other RAIs is that it has a shorter duration of action,

meaning that it leaves the system earlier. As such, following the pre-

scribed bolus doses and utilizing correction boluses where appropriate

can probably be performed safely with URLi treatment, without

increasing the risk of hypoglycaemia. Automated correction dose

delivery via closed loop systems may be beneficial, particularly for

tackling night-time hyperglycaemia with URLi. It is also probable that

the enhanced pharmacokinetic properties that URLi exhibits increase

its potential for improved glycaemic control with closed loop systems.

Closed loop systems, while showing benefit in terms of improved

glycaemic control and reduced hypoglycaemia, may be limited by the

slower rate of absorption and longer duration of action that RAIs

have. URLi's insulin time action and ability to reduce PPG excursions

significantly without increasing hypoglycaemia could further enhance

the benefits already observed with closed loop systems. Further stud-

ies are needed to confirm this.

Currently, URLi is approved for use in adults with type 1 or type

2 diabetes. Data on URLi treatment in paediatrics and adolescents are

expected in 2022. Where indicated, switching from other insulins to

URLi can be performed 1:1 unit; however, some adjustments may be

needed, with consideration of individual characteristics, glycaemic tar-

gets, diet and lifestyle.

7 | CONCLUSIONS

URLi shows the fastest onset of action and shortest exposure dura-

tion of all the available insulins for subcutaneous injection. With a

quicker onset of action, URLi can be administered at the start of the

meal as opposed to several minutes before the meal. The earlier onset

of action with URLi treatment translates to similar long-term

glycaemic control to Lispro but produces superior benefits in PPG

management. Compared with Lispro, URLi provides superior PPG con-

trol in both type 1 and type 2 diabetes and reduces glucose excur-

sions following meal consumption. Compared with Lispro, Faster

aspart and Aspart, glucose concentrations in the early postmeal period

are more comparable between people treated with URLi and PwoD.

In addition to superior PPG reduction with URLi, the rate of

hypoglycaemia is similar between URLi and Lispro. Additional benefit

is seen in type 1 diabetes, where postmeal hypoglycaemia is signifi-

cantly reduced with URLi in the late postmeal period. More frequent,

but predominantly mild, localized reactions seen with URLi are still

under investigation.

Given its improved insulin time action profile, URLi helps to

reduce the burden for people in need of intensive insulin therapy.

URLi shows incremental clinical benefit over lispro, mainly in control-

ling postmeal glucose excursions, with no overall change in hyp-

oglycaemic risk, therefore possibly providing less disruption to

mealtime routines for PwD.
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Type 1 diabetes,
PRONTO-Pump-2

URLi
(N = 451)

Lispro
(N = 442)

Postmeal
URLi (N = 329)

URLi
(N = 336)

Lispro
(N = 337)

URLi
(N = 215)

Lispro
(N = 217)

Deaths 1 (0.2) 1 (0.2) 0 2 (0.6) 1 (0.3) 0 0

Serious adverse events 36 (8.0) 40 (9.0) 24 (7.3) 26 (7.7) 25 (7.4) 13(6.0) 9 (4.1)
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